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^ (54) Title: METHOD AND APPAR/ "US FOR FORMING FILMS 



(57) Abstract: The apparatus accord) * to the invention is for forming filled pouches and it comprises: (a) a vacuum supply appa- 
ll raras, (b) an elongated conveyor suprx t, (c) an elongated row of vacuum apertures leading from the vacuum supply apparatus and 
g discharging through the conveyor supj rt, (d) a sequence of processing stations above the row of apertures in the conveyor support 
^ and which comprise holding, forming filling and sealing stations, (e) a conveyor which includes a plurality of recessed vacuum 
^ moulds in its upper surface and mouni 1 to slide over the conveyor support through each the processing station, (0 vacuum orifices 

extending through the conveyor into t ; vacuum moulds for transferring under-pressure from the vacuum apertures to each of the 
^ moulds, (g) means for supplying form ole sheet material on to the conveyor at or ahead of the holding station, (h) drive means for 

driving the conveyor carrying the shee' material through the processing stations, and (i) means for supplying into the mould recesses 
Q through the vacuum apertures and the * cuum orifices a forming under-pressure at the forming station and at one or more subsequent 

processing stations wherein the under | assure at the forming station is greater than the under-pressure at one or more (and preferably 
^ all) of the subsequent processing stati is. 
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METHOD KND APPARATUS FOR FORMING FILMS 



Technical Field 

This invention relates to nethod and apparatus for forming a film and, in particular, 
to such method and app ratus wherein the film is thermoformed into pouches which 
are then filled and seale 1 in a sequential operation. 

Background to the Invention 

Methods of forming a filr are well known. An early disclosure is in US-A-3,21 8,776. 
In that method the film i thermoformed into pouches and filled while travelling in a 
circular path. One disad antage with present systems is that it is difficult to operate 
them at production spee !s as high as would be desirable while maintaining product 
quality. Another proble i is that it is desirable, for cost and functional reasons, to 
use a film which is as "iin as possible but decreasing the thickness of the film 
increases the risk that le film will be undesirably weakened, and possibly even 
perforated, at some poi *ts in the final product, especially during high speed, high 
under-pressure, produc ton conditions. Another problem is that it is necessary to 
apply a large vacuum (h gh under-pressure) and it can be difficult to provide such a 
pressure efficiently in ti e moulds in a manner which does not interfere with the 
overall operation of the >rocess. 

The object behind the invention is to solve these problems individually and, 
preferably, in combinati >n. 
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Summary of the Invention 

The apparatus accord ng to the invention is for forming filled pouches and it 
comprises: 

(a) a vacuurr supply apparatus, 

(b) an elongc ted conveyor support, 

(c) an elong ited row of vacuum apertures leading from the vacuum 
supply ap paratus and discharging through the conveyor support, 

(d) a sequen ;e of processing stations above the row of apertures in the 
conveyor support and which comprise holding, forming, filling and 
sealing stations, 

(e) a convey< t which includes a plurality of recessed vacuum moulds in its 
upper sur ace and mounted to slide over the conveyor support through 
each the processing station, 

(f) vacuum orifices extending through the conveyor into the vacuum 
moulds fc r transferring under-pressure from the vacuum apertures to 
each of tl e moulds, 

(g) means fo ' supplying formable sheet material on to the conveyor at or 
ahead of the holding station, 

(h) drive me ans for driving the conveyor carrying the sheet material 
through t ie processing stations, and 

(i) means fc r supplying into the mould recesses through the vacuum 
apertures and the vacuum orifices a forming under-pressure at the 
forming s tation and at one or more subsequent processing stations 
wherein t ie under pressure at the forming station is greater than the 
under-pn ssure at one or more (and preferably all) of the subsequent 
processir g stations. 

This apparatus solves he problems summarised above. 
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D italled Description of the Invent! n 

The various processing stations may merge with each other but there may be an 
equilibrating station b€ tween any pair of adjacent stations wherein the under- 
pressure in the equilib ating station which merges with an adjacent processing 
station is at least the i ider-pressure in the adjacent station which has the lower 
under-pressure and is n Drmally above the holding under-pressure. Additionally there 
may be stations at whic h no under-pressure is applied. 

There may be a cuttin 3 station after the sealing station for cutting the sheet of 
pouches into individual Douches, or into groups of individual pouches, whilst still on 
the conveyor. 

The apparatus may in< :lude means for heating the film in, or more usually as it 
approaches, the formin 1 station. This process is known as thermoforming and is the 
preferred method of for ning the film herein. 

The conveyor support c an be cylindrical but preferably is a flat support over most or 
(preferably) all of the p rocessing stations. The conveyor should be such that the 
vacuum moulds slide c *er the conveyor in a manner that is substantially vacuum 
tight, so as to prevent 1 ndesirable loss of vacuum. 

It is generally necessa y to grip the edges of the film at the holding and forming 
stations to prevent the edges being drawn inwardly. This can be by mechanical 
grips or resilient bands as is conventional, or by other means. 

It is desirable in the In* ention to achieve the forming under-pressure gradually or 
stepwise and to release it gradually or stepwise. This reduces the risk of damage to 
the film and minimises he risk of crinkles in the film, even when the film is thin. 



In particular, it is des r able to apply an under-pressure to some or all of the 
processing stations to ; * value which is considerably smaller than the high forming 
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under-pressure. Desig ling the vacuum apertures in such a way as to achieve this 
while using a single vac uum supply apparatus tends to be rather inefficient and so 
preferably the vacuum Apertures which lead to the holding station and/or to one or 
more of the subsequent processing stations lead from a first vacuum apparatus and 
the vacuum apertures v hich lead to the forming station lead from a second vacuum 
apparatus, wherein the first vacuum apparatus is a higher volume, lower under- 
pressure, apparatus for applying a lower under-pressure and the second apparatus 
is a lower volume, high* r under-pressure, apparatus for applying the forming under- 
pressure at the forming station. As an example the first vacuum apparatus can be a 
simple vacuum pump, ir even a fan, or other apparatus designed, for instance, to 
remove most of the air 1 ast from the holding station at a large air flow but under a low 
under-pressure, and tl e second vacuum apparatus can be a vacuum chamber 
constructed to give a I vigh forming under-pressure, but with only relatively small 
amounts of air being re noved. The first vacuum apparatus may be used to supply 
vacuum to some (or al ) of the subsequent processing stations and/or the second 
vacuum apparatus mr y be used for this purpose, depending upon the under- 
pressure required ates :h station. The under-pressure in the holding station can be 
substantially zero, by w lich we mean it is just sufficient to hold the film down against 
curling, but preferably » is greater than this. 



It is desirable that the u ider-pressure does not increase too rapidly from the holding 
under-pressure up to le forming under-pressure, since this is liable to promote 
wrinkling or undesirab) s local damage to the film. Preferably therefore the overall 
vacuum supply appara js (generally the second vacuum supply apparatus) and the 
vacuum apertures art so constructed that the under pressure in the moulds 
increases gradually o= stepwise from the lower under-pressure (in the holding 
station) to the higher, ft fining under-pressure. The increase may be gradual over a 
duration which can be ; for instance, 0.5 to 5 times, often 1 to 3 times, the duration 
for which the forming i ider-pressure is applied. 



Generally there is a sh ping station between the holding and forming stations. The 

4 



WO 02/060757 



PCT/US02/02964 



vacuum supply apparat is and the vacuum apertures preferably are so constructed 
that the under-pressun applied to the moulds in the shaping station is at a value 
intermediate the lower » nder-pressure applied in the holding station and the higher 
forming under-pressure applied in the forming station. If desired, the shaping station 
may include a sequem 3 of two or more stations with a higher under-pressure in 
each station than in tt 3 preceding station. The high forming under-pressure is 
preferably applied only or the time necessary to achieve forming and so preferably 
the vacuum supply app tratus and the vacuum apertures are so constructed that a 
lower under-pressure 3 applied to the moulds in, usually, all the subsequent 
processing stations (in< uding any equilibrating stations) prior to and subsequent to 
the forming station. 1 lis under-pressure can be as low as the under-pressure 
applied in the holding s ation, but is usually higher than this. 

The ability to apply a lo /er under-pressure after the forming station means that the 
vacuum pumps can ha e lower power consumption, there is less friction between 
sliding and fixed parts, *ss power is needed to move the conveyor and there is less 
risk of damage to the touches and, consequently, less risk of leakage from the 
pouches. 

The high forming under pressure is generally applied less than 30%, and preferably 
less than 25%, and ger. irally less than 20%, of the total time during which vacuum is 
applied to the moulds vt lile travelling on the conveyor support. Usually the duration 
is at least 3%, and ofte. at least 5 to 8% of the total time. Preferably It is around 10 
to 15% of the total time 

The highest under-pres ;ure which is applied to the moulds at stations other than the 
forming station is usua y less than 80%, and preferably less than 70% (e.g., 40 to 
70%) of the forming urn er-pressure. For instance, if the forming under-pressure is - 
SOOmbar, the highest 1 ider-pressure at other stations is preferably -400mbar and 
most preferably -350n bar, or less. The under-pressure applied at the holding 
station is generally frot 1 5 to 30%, often around 10 to 25%, of the forming under- 
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pressure. 

Typically the forming un ler-pressure is in the range -300 to -900mbar, often around - 
400 to -700mbar, the u der-pressure in the holding station is -40 to -150mbar and 
the under-pressure in t e shaping station (if present) and in the filling and sealing 
stations is from -100 to SOOmbar, often around -200 to -400mbar. 

The elongated row of v; cuum apertures may be one or more elongated slots which 
extend the length of the x?nveyor support but which are divided transversely to allow 
differing under-pressun to be applied to differing stations. Generally, however, the 
open area of the aperti res is greatest where the under-pressure is to be greatest 
and least where the un er-pressure is to be least. The open area can be selected 
either by varying the lumber of apertures or by varying the diameter of the 
apertures, or both. 

The conveyor preferabl comprises a continuous belt and a mould assembly wherein 
the belt makes substai :ially vacuum-tight sliding contact with the support and the 
mould assembly is se ured for movement with the belt, and wherein there are 
passages through the belt for transmitting under-pressure from the vacuum 
apertures to the moult Thus, as the belt moves over the conveyor support, it 
maintains a vacuum-ti ht seal between the support and the belt but carries the 
mould assembly in seq ance from one processing station to the next and allows the 
selected under-pressu a to be applied through the belt to the moulds in each 
processing station. Th i arrangement allows for simple design and construction for 
the provision of variabl under-pressure to the different stations. 

The mould assembly p jferably comprises a series of platens which are mounted on 
the belt, and mould pis ss which contain the vacuum moulds in their upper surface 
and which are mounte 1 in the platens with the mould plates in vacuum contact 
through the platens a d the continuous belt with the vacuum apertures in the 
conveyor support. Thi > the belt not only seals between the belt and the conveyor 
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support but also seals against adjacent platens and mould plates. 

Since only a relatively short part of the travel of the belt is subjected to the highest 
under-pressure, the c ag between the belt and the conveyor support (due to the 
under-pressure) is mr imised. 

The apparatus may b constructed to operate with stepwise motion, whereby the 
pouches move into : station, are treated appropriately in that station while 
stationary, and then love to the next station, with the duration in each station 
preferably as indicate! above. However the invention is of particular value when the 
apparatus includes m ans for driving the conveyor, carrying the mould plates, and 
thus the pouches, cor inuously through the processing stations. 

The film which is to bv formed may be any suitable polymeric film. Preferably the 
film is thermoformabl . The film can for example be obtained by casting, blow- 
molding, extrusion or * low extrusion. The polymer preferably has a weight average 
molecular weight of fr m about 1 000 to 1 ,000,000, or even from 1 0,000 to 300,000 
or even from 1 5,000 fa 200,000 or even from 20,000 to 1 50,000. Preferred polymer 
copolymers or deriva ves thereof are selected from polyvinyl alcohols, polyvinyl 
pyrrolidone, polyalkyk le oxides, (modified) cellulose, (modified)cellulose-ethers or- 
esters or -amides, poh ^arboxylic acids and salts including polyacrylates, copolymers 
of maleic/acrylic ac is, polyaminoacids or peptides, polyamides including 
polyacrylamide, polys, ocharides including starch and gelatine, natural gums such as 
xanthum and carragu i. Preferably, the polymer is selected from polyacrylates and 
acrylate copolymers including polymethacrylates, methylcellulose, sodium 
carboxymethyl-cellulc e, dextran, maltodextrin, ethylcellulose, hydroxyethyl 
cellulose, hydroxypn oyl methylcellulose; most preferably polyvinyl alcohols, 
polyvinyl alcohol cope ymers and/or hydroxypropyl methyl cellulose (HPMC). 

Most preferred are me erials which are water-soluble stretchable and elastic material 
comprising PVA poly, ler having properties such as for example, available from 
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Nordenia, Aquafilm, » .uraray, Chris-Craft Industrial Products. Typically it has a 
thickness of from 10 1 100 pm. 

The size of the pouche * is typically from 5 to 200 mis, often having an upper surface 
area of 1 to 100 cm 2 a id a depth of from 1 to 100 mm. The pouches can consist of 
a single chamber or o" multiple chambers. 

The pouches are se2 -3d by bonding another film across the top of the sheet of 
pouches while it is st I supported on the conveyor, the bonding either being by 
adhesive, solubilisatic i of the surface of the pouch film or the sealing film or both, or 
by thermal adhesion or by a combination. Preferably the bonding is by a 
combination of solven welding and thermal adhesion. 

The filling for the pour les may be solid or liquid and may be a gel. Preferably the 
pouches are to dissoh e when added to water, in which event the sealing film or the 
pouch film, and prefer ibly both films, dissolve or disintegrate in water. The filling for 
the pouches may be, ,or instance, a laundry detergent, dishwashing composition, 
fabric softener composition, bleaching composition or beauty care composition. 

Des cription of the Preferred Embodiment 

A preferred apparatus . herein comprises a vacuum supply apparatus the top of which 
is defined by a convenor support through which a plurality of vacuum apertures 
extend from a vacuur. box to which suction can be applied by a pump. There are 
smooth low friction str os extending along the sides of the support. These strips can 
be made of polyureth ?.ne or other suitable low friction material. They are firmly 
secured to the suppor . A belt (preferably made from smooth impermeable material 
such as steel) slides • ver the strips making a substantially vacuum-tight seal with 
them. The belt has a >ertures extending through it, and these may be arranged in 
the same pattern as t>.e aforementioned vacuum apertures or in any other suitable 
pattern whereby vacu» m can be applied from the vacuum apertures through the belt 
The present apparat* s includes a platen plate that has a base and sid rails, the 
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base having apertures corresponding to the apertures in the steel plate. Chains are 
driven by a drive mech inism and pins transmit the drive between the chains and the 
side rails of the plate • plate. The belt is driven by a wheel on the same drive 
mechanism. The belt and the chains are inextensible, whereby the belt and the 
platens move with one another and have intermeshing faces which are sufficiently 
smooth that they are Ir substantially vacuum-tight inter-engagement. Thus, rotation 
of the mechanism cai ies the belt to move in a vacuum-tight manner over the 
support and causes th: platens to move in a vacuum-tight manner with the belt The 
individual platens are separated from one another and are positioned on the belt 
such that there is no c perture extending through the belt at positions between the 
platens. Each platen t as an inwardly inclined side rail on each side. A mould plate 
having corresponding ' shaped edges is slidably fixed between these inwardly 
inclined side rails. A \ ^cuurn chamber is defined between the upper surface of the 
platen and the lower surface of the mould plate. There are mould recesses in the 
upper surface of the r lould plate and vacuum orifices leading into the base of the 
mould recesses, to tr insmit vacuum from the vacuum chamber which, in turn, is 
provided with an apprr ariate under-pressure by vacuum applied through the vacuum 
passages. 

The apparatus works I v feeding a sheet of formable film material continuously from 
roll down on to the upper surface of the mould plate and the side rails of the platens, 
and is secured alor g the edges by appropriate side grips, for instance in 
conventional manner, fhe film is then carried on the mould plate to the holding 
station at which the fll. n is initially held tight across the upper surface of the moulds 
and then these mould; are evacuated to provide an under-pressure of, for instance, 
-1 OOmbar, with only se me stretching of the film down into the individual moulds. For 
this purpose, large cei tral vacuum apertures and the smaller side vacuum apertures 
lead to a dedicated ch *mber and through a duct into an evacuating pump designed 
predominantly to remove large amounts of air rapidly. As the moulds move along 
the conveyor they are subjected to a higher under-pressure, for instance -300mbar, 
as they r ach the shaping station in which the film is deformed into approximate, but 
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not total, conformity w th the inner shape of the mould. As the film travels from the 
holding station to the shaping station it is heated by heaters to the thermoforming 
temperature. For ins1 ance, depending upon the film, the film may be heated to a 
temperature of 50°C fr. 1 80°C. The film then reaches the forming station and it is at 
this station that the maximum under pressure is applied to the moulds, typically - 
400mbar. At this sfr ge total conformation of the film to the mould surface is 
achieved. A lower nder-pressure is applied to the film in the moulds at all 
subsequent positions Typically, the formed pouches are allowed to cool, and the 
pressure is maintained here at a value less than the thermoforming under-pressure, 
typically -300mbar. After the cooling stage, the film may move through a filling 
station where it is filled in conventional manner with product such as liquid detergent. 
The film and pouches hen travel through a sealing station where a second layer of 
film is brought down c n to the film around the pouches and is pressed against it by 
suitable pressing mear 5 under conditions whereby the upper layer seals to the parts 
of the film extending oyer the upper surface of the mould plate. The assembly can 
then pass through a c .tting station where the pouches are cut from one another by 
conventional means. Typically the duration of the travel through the holding station 
is 0.5 to 5 seconds, oft n around 2 seconds, and the duration in each of the shaping 
and forming is from 0 2 to 3 seconds. The pouches can then be tipped out of the 
moulds and collected or packed. The conveyor support can be provided with a 
combination of large vacuum apertures and smaller vacuum apertures through the 
area extending from t! ,e holding station and the forming station, and then only with 
the smaller vacuum apertures in the subsequent areas. One vacuum apparatus can 
provide the vacuum f>r each of the stations where a vacuum is required. By this 
means it is possible to lotimise the under-pressure to each processing station and to 
control the process ge erally, minimising the drag between the stationary conveyor 
support and the sliding conveyor. 
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WHAT IS CLAIMED \C: 

1 . Apparatus for forming filled pouches comprising: 

(a) a vacuum so ^ply apparatus, 

(b) an elongate j conveyor support, 

(c) an elongates row of vacuum apertures leading from the vacuum supply 
apparatus aM discharging through the conveyor support, 

(d) a sequence of processing stations above the row of apertures in the 
conveyor su jport and which comprise holding, forming, filling and sealing 
stations, 

(e) a conveyor v lich includes a plurality of recessed vacuum moulds in its 
upper surfar i and mounted to slide over the conveyor support through 
each the pre messing station, 

(f) vacuum orific *s extending through the conveyor into the vacuum moulds 
for transferri ig under-pressure from the vacuum apertures to each of the 
moulds, 

(g) means for s jpplying formable sheet material on to the conveyor at or 
ahead of tl> holding station, 

(h) drive means <br driving the conveyor carrying the sheet material through 
the processi ig stations, and 

(i) means for upplying into the mould recesses through the vacuum 
apertures a xl the vacuum orifices a forming under-pressure at the 
forming stal jn and at one or more subsequent processing stations 
characterise d in that the under pressure at the forming station is greater 
than the upJer-pressure at one or more (and preferably all) of the 
subsequent processing stations. 

2. Apparatus accc uing to Claim 1 in which the vacuum apertures which lead to 
the holding sta^on and/or to one or more of the subsequent processing 
stations lead frc ■ a first vacuum apparatus and the vacuum apertures which 
lead to the ther noforming station lead from a second vacuum apparatus, 
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wherein the firs; vacuum apparatus provides a lower under-pressure than the 
second vacuun apparatus. 

3. Apparatus accr ding to Claim 1 or Claim 2 in which the vacuum supply 
apparatus and the vacuum apertures are so constructed that the under 
pressure in the r oulds increases gradually or stepwise to the higher, forming 
under-pressure ' om a lower under-pressure or a substantially zero under- 
pressure in the nolding station. 

4. Apparatus accc ding to Claim 3 in which there is a shaping station between 
the holding stati >n and the forming station, and the vacuum supply apparatus 
and the vacuum pertures are so constructed that the under-pressure applied 
to the moulds ir the shaping station is at a value intermediate the lower or 
substantially ze r o under-pressure applied in the holding station and the higher 
forming under-f assure applied in the forming station. 

5. Apparatus acceding to any preceding claim in which the vacuum supply 
apparatus and the vacuum apertures are so constructed that a lower 
pressure is app* ed to the moulds in all the stations before and subsequent to 
the forming stat on than in the forming station. 

6. Apparatus accc ding to any of the preceding claims wherein the film is 
thermoformed a ' the forming station. 

7. Apparatus acco» ding to any preceding daim including means for heating the 
film in or approaching the forming station. 

8. Apparatus acco ding to any preceding claim in which the conveyor comprises 
a continuous be which makes substantially vacuum-tight sliding contact with 
the support an*.' a mould ass mbly comprising the vacuum moulds and 
secured for movement with the belt and wherein there are passages through 
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the belt for trap emitting under-pressure from the vacuum apertures to the 
vacuum moulds 

9. Apparatus accc ding to any preceding claim comprising a series of platens 
which comprise at least one, preferably a plurality, of moulds, said platens 
being mounted <n the belt and a moulds in each platen in vacuum contact 
through its associated platen and the continuous belt with the vacuum 
apertures in the conveyor support. 

10. A process for forming filled sealed pouches comprising supplying a 
thermoformable film to the upper surface of the conveyor of an apparatus 
according to ai y preceding claim and thereby holding the film on the 
conveyor at the lolding station, thermofbrming the film to form pouches at the 
forming station, filling the pouches at the filling station, and sealing the 
pouches with a ;ealing film at the sealing station. 
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